The purpose of this research is to investigate the dynamic changes in the competition between air carriers by applying a revised conduct parameter method. We examine the cases of Southwest Airlines and America West Airlines due to the availability of data. Our interests are in what fashion a low-cost carrier entered the market, how the rival reacted, and whether the fashions of competition between two types of air carrier remained stable as time passed. Our empirical results show that the fashions of competition fell between Cournot and "P = MC" competition, and competitive fashions were sometimes stable but sometimes not.
Introduction
As the market share of the low-cost carriers (LCCs) in the airline industry has grown to about 30% of the total revenue passengers worldwide, many academic studies on the issues of LCCs have been published. Among these studies, not a few have focused on the effect of an LCC's entry on airfares and welfare issues, but only a little attention has been paid to the fashions of competition between LCCs and full-service airlines (FSAs) using the conduct parameter method (CPM).
Other than the studies on the application of CPM to the airline industry, there have been many studies on the economic impact of the entry of the US LCCs (especially Southwest Airlines) into the air transportation markets. Morrison and Winston's study [1] empirically showed that Southwest Airlines forces its competitors to reduce their fares [1, pp. 132-156] . [2, 3] have measured the airfare-reduction effect of LCC entry in the primary and adjacent markets by incorporating LCC dummy variables in their econometric work. [4] empirically analyzed the US domestic air markets that include a number of LCCs and found that Southwest Airlines, other LCCs, and the market share of LCCs had statistically significant effects on the decrease in carriers' airfares.
The recent contributions to the study of inter-firm rivalry among air carriers are as follows [5, 6] : studied the effects of LCC entries on the incumbents' responses. [7] incorporated duopolistic inter-firm rivalry explicitly into their LCCs vs. FSAs competition study, as well as incorporating the effect of pricing behavior of an unregulated-monopoly airport on the downstream competition between LCCs and FSAs. [8] found that the service differentiation between FSAs and LCCs leads to the cartelized behavior of FSAs.
In analyses that used CPM [9] [10] [11] , empirically estimated the conduct parameters of airline industries in the United States (the first two of three studies), Spain (the fourth study), and Japan. The earliest contributions of applying CPM to the airline industry are those of [12] [13] [14] , who analyzed the inter-firm rivalry between FSAs.
Our research will also apply the newly revised CPM to the analysis of the competition between LCCs and FSAs, and the distinguishing feature of our analysis is that we focus on the dynamic aspects of competitions. We will discuss the basic concept of CPM and also review the pros and cons of this method for analyzing competition in the next section, highlighting the studies of [15, 16] . In Section 3, we will show how to overcome the drawbacks of CPM by quoting the methodology of [16] . In Section 4, we construct an econometric model of demand and the pseudo-supply equation system to derive the conduct parameters. In Section 5, we will show the dataset for our empirical analysis. Section 6 demonstrates the dynamic change in the conduct parameter after the entry of Southwest Airlines, and we discuss the results. In Section 7 (the final section), we will demonstrate the contributions of our research and discuss the implications of industrial policy. Finally, we will mention the limitations of this study, which will guide us in improving our analyses in the future.
CPM and Dynamic Competition
Reviewing the pertinent literature, we find that there have been two ways to estimate the conduct parameter. One method was proposed by [12] [13] [14] , who estimated the non-liner pseudo-supply equation and the demand equation jointly. The alternative method was proposed by [17, 18] , who estimated the linear inverse demand and the pseudo-supply equation jointly. The major difference between the two methods is that the former method directly estimates the conduct parameter, while the latter method derives it indirectly from the parameters of output variables in the inverse demand and the pseudo-supply equations.
In a recent analysis of the estimation of market power using CPM [9] , pointed out that in a static environment, the notions of expectation and conjectural variation are not well defined. For example, if we start our analysis by modeling a one-shot Cournot competition and try to estimate the conjectural variation by CPM, we face the problem that we cannot describe a firm's response or any dynamic change in the firm's behavior. As [19] stated, "The estimated parameters tell us about airfare-and quantity-setting behavior; if the estimated 'conjectures' are constant over time, and if breakdowns in the collusive arrangements are infrequent, we can safely interpret the parameters as measuring the average collusiveness of conduct" [19, p. 129] . Also, [15] pointed out, "CPM estimates of market power can be seriously misleading. In fact, the conduct parameter need not even be positively correlated with the true measure of the elasticity-adjusted price-cost margin, so that some markets are deemed more competitive than a Cournot equilibrium even though the price-cost margin approximates the fully collusive jointprofit maximizing price-cost margin" [15, p. 299] .
CPM is also criticized by [20] [21] [22] . We can classify the pitfalls of CPM into two parts. The first one is the problem with the link between theoretical and empirical methods. [20] pointed out that the estimated conduct parameter can represent the theoretically derived conduct parameter only under a specific information assumption. We repeat [15] 's critique of CPM that, since it assumes a static model, CPM does not explain the reaction of firms or the incentive compatibility constraint that indicates why a firm stays in a collusion situation or deviates from it. Therefore, CPM may yield an inconsistent estimator of the market power when firms are engaged in tacit collusion in a dynamic competition. The second type of pitfall is the problem with the functional form: earlier literature such as the studies by [19, 23] pointed out that the estimation of the conduct parameter varies widely depending on the functional form. [22, 24] studied the conduct parameter of the electricity market in Britain (the former) and California (the latter) using the directly measured and the estimated marginal costs, and concluded that the latter method (NEIO method) overstated the market power.
Taking these critics' statements into account [9] , nonetheless stressed the usefulness of conjectural variation. They insisted, following [13, 14] , that "one can view the conjectural variation as a parameter of market conduct that can capture the whole range of market performance, from perfect competition to monopolistic behavior, rather than taking it as an indicator for the firm's expectation" [9, p. 234] . [10] also computed the conduct parameters of Spanish air markets by estimating the demand and pseudosupply equation system using semi-annual (summer and winter) data of the years 2000 and 2001 by three stage least square methods (3SLS), not stressing the problem with the dynamic features of conduct parameters but regarding conduct parameters as the set of static equilibria [10, pp. 388-395] . [22] summarized the conjectural variation model to state that it is a proxy for a dynamic model, and the folk theorem tells us that a range of conducts are Nash equilibria in a dynamic game. Therefore, one can view the conjectural variation not as an estimate of a theoretical model, but as a measure of the elasticity-adjusted Lerner index, measuring the static-equivalent level of an Industry's competitiveness. Provided the technique yields accurate estimates of the elasticity-adjusted Lerner index, it is a useful exercise.
Other research such as the studies by [25, 26] pointed out that the estimates of conjectural variation are robust across functional form. The most recent remedy for CPM is that by [16] , which tried to answer the critique of [15] . In summary, the estimate of conduct parameter could overstate, understate, or be close to the theoretical value.
The next section focuses on reviewing the critique by [15] Corts' article [6] assumed that we must estimate the following linear demand and supply system using timeseries data (t denotes time period):
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In Equation (1) 
We see that the estimated conduct parameter is a function of only the demand parameters and  , the responsiveness of equilibrium quantity to the demand shifter. Theoretically, the conduct parameter measures something having to do with the slope of the supply relation. Assuming a firm's optimum supply on the pseudo-supply curve is linear in i x , i.e.,
, then the estimated conduct parameter measures the slope of the pricecost margin with respect to demand driven fluctuations in quantity, as follows:
On the other hand, the conduct parameter, which is theoretically derived from the first-order condition (the so-called "as-if" conjectural variation), is depicted as a static form, as follows:
Therefore, Corts proposed that for any underlying supply process generating q  , the estimated conduct parameter would accurately measure market power
Otherwise, the estimated theta is not a consistent estimator of  . Therefore, the essence of Corts' critique is that the conduct parameter derived from CPM does not capture any dynamic aspect, even in the case of a dataset that has a time-series dimension.
[16] reviewed Corts' critique and suggested the following theoretical model to obtain a consistent estimate of  in a dynamic game. Note that the following discussion is taken from [16, pp. 1497-1500]. In this model, a firm maximizes the joint profit so that no firm will deviate from collusion at t in the infinite game (and also in a finite game with many repetitions), as follows:
where is the one-shot game profit of a deviated firm,
 is the discount factor, is the firm's optimal profit under collusion,
is the firm's profit after it has deviated, and   E  is the expectation. The first-order condition with respect to yielding the condition that each firm in a collusive regime satisfies is as follows:
where t u  is the Lagrange multiplier on the incentive compatibility constraint and i  is the conduct parameter. According to [16] , Equation (8) has a simple interpretation. In a collusive equilibrium, the firm internalizes the effect of price changes on the revenue for all firms' in-
When the incentive compatibility constraint is not binding , the last term will be zero and we get the firm-level first-order condition for joint monopoly pricing. When the constraint binds, the joint output must rise and the price must fall, so no firm will deviate, i.e., firms collude between the monopoly and Cournot levels. It is apparent that Equation (8) can explain the dynamic situation as well as the situation where firms play a one-shot game.
In the one-shot game, the last term on the right-hand side of Equation (8) (8) as a random disturbance of an econometric model, we can rewrite Equation (9) as follows:
If it  is non-zero and correlated with , the conduct parameter to be estimated is biased and inconsistent due to the simultaneous-equation bias. This problem can be avoided by using two-stage least squares if there is no heteroskedasticity. However, we have another problem to solve.
The last term it q in Equation (9) is equal across firms in Copyright © 2013 SciRes. ME the collusive regime for a given period. Based on this observation [16] , stated that although one does not have the data on the last term in Equation (9), this term can be conditioned out by including a time fixed effect. Moreover, as discussed above, if firms are playing a static game, this term is zero, so Equation (9) can be generalized to both static and dynamic pricing, and it yields the consistent estimator of  . The important point is that the conduct parameter in our analysis does not capture the reaction behavior such as Stackelberg competition, but it does demonstrate the series of "degree of market power" in one-shot games after an LCC's entry. In addition, as will be shown in Section 4, our dataset is made up of the series of yearly sample observations, and each year's estimate means the average Nash equilibria of a number of competitions performed in the year. The next section shows the structural pseudo-supply and demand model incorporating time fixed effect dummy variables.
Structural Equation for Deriving Dynamic
Th owing si-
where is the year-average airfare of carrier at i g
Change in the Conduct Parameter
e empirical model to be estimated is the foll multaneous equation system consisting of the linear inverse-demand and the pseudo-supply equations, which follow the reports of [17, 18] that were discussed in [15] :
(Inverse demand) u are the random disturbance terms. All the other va ables starting with D are binary variables, and A₁ and B₁ denote the sets of parameter dummy variables introduced to the output variable of each demand and pseudo-supply equation. The explanations of these dummy variables are shown in Table 1 .
All these dummy ri variables ar d as "parameter dummy variables" so as to compute the dynamic change in conduct parameters. Recalling Equation (4) in the last section, we can derive the conduct parameter of the benchmark carriers  BM  . The benchmark carriers are FSAs that did not co with LCC(s) for the period from 1997 to 2000 in their operating routes (for example, the case of the competition between AA and UA in a certain route). This is shown in the following equation:
by dieans th vi This m nduct pa e ding the estimated parameter of the output variable in the pseudo-supply equation by that of the output variable in the inverse demand equation, and this is a consistent estimator of the conduct parameter by introducing the time fixed effect dummy variables
Similarly, the conduct parameter of So the pre-entry year is computed as follows:
The image of this computation is shown in Figure 1 .
Comparing Equation (12) with Equation (13), it is apparent that the angles of demand and pseudo-supply curves are different, although those of intercepts are the same. Assume X is the "benchmarking" demand and pseudo-supply equilibrium, and Y is the demand and pseudo-supply equilibrium that Southwest's rivals had reached before Southwest Airlines entered the market. The conduct parameters that are computed from X and Y will be different from each other. We will do the same 
Dummy variable that takes 1 for Southwest Airlines that operates at a primary airport. The entry year cannot be recognized in our dataset (subscript "L" means "Longer than five years").
L DWNR
Dummy variable that takes 1 for FSA(s) that compete(s) with Southwest Airlines at a primary airport. The entry year cannot be recognized in our dataset.
L DWN
Dummy variable that takes 1 for Southwest Airlines that operates at a secondary airport. The entry year cannot be recognized in our dataset.
L DWNR
Dummy variable that takes 1 for FSA(s) at a primary airport that compete(s) with Southwest Airlines operating at an adjacent secondary airport. The entry year cannot be recognized in our dataset.
L DHP
Dummy variable that takes 1 for America West Airlines that operates at a primary airport. The entry year cannot be recognized in our dataset.
L DHPR
Dummy variable that takes 1 for FSA(s) at a primary airport that compete(s) with America West Airlines at a primary airport. The entry year cannot be recognized in our dataset.
L DFL
Dummy variable that takes 1 for Air Tran that operates at a primary airport. The entry year cannot be recognized in our dataset.
L DFLR
Dummy variable that takes 1 for FSA(s) that compete(s) with Air Tran at a primary airport. The entry year cannot be recognized in our dataset.
L DFL
Dummy variable that takes 1 for Air Tran that operates at a secondary airport. The entry year cannot be recognized in our dataset.
L DFLR
Dummy variable that takes 1 for FSA(s) at a primary airport that compete(s) with Air Tran operating at an adjacent secondary airport. The entry year cannot be recognized in our dataset. the sum of other carriers' (j's) reactions to carrier i's behavior. One feature of the structural model is that we have information about the marginal cost. We used the route-specific marginal cost, which can be empirically derived, a method that was used in [11, 12, 14] . In addition, as one of the proxies of the marginal cost, we also used "distance flown by carriers", since this proxy was used in recent reports such as that by [10] . In addition, following the standard literature on airline costs, we assumed that economies of density exists.
To estimate this structural model, we had to determine which method of estimation would best suit our purposes. Theoretically, price and quantity are both endogenous, so it is natural to estimate this equation system by 2SLS. The 2SLS method is, like OLS, efficient when the random disturbance follows normal distribution; however, if we recognize the heteroskedastic distribution of random disturbance, 3SLS is better than 2SLS in terms of estimation. To diagnose the heteroskedasticity, we performed the White-Kornker test for the demand and the pseudosupply equations. The test results were that for the de- computation for all the cases of the carrier dummy variables. The dummy variables and methods of computation are shown in Table 2 .
Since the thetas in the right columns of 
Conduct parameter of Southwest Airlines in the case where the information of entry year is not available. This is the case when the rival airline and Southwest Airlines compete when the rival uses a primary airport and Southwest Airlines uses a secondary airport.
Conduct parameter of Southwest's rival in the case where the information of entry year is not available. This is the case when the rival and Southwest Airlines compete at a primary airport.
 
Conduct parameter of Southwest Airlines in the case where the information of entry year is not available. This is the case when the rival and Southwest Airlines compete at a primary airport.
Conduct parameter of America West's rival before America West Airlines entered in the secondary airport.
Conduct parameter of America west's rival in the n-th year of America West's entry into the primary
Conduct parameter of America West's rival in the long run. This is the case when the rival and America West Airlines compete between primary and secondary airport.
Conduct parameter of America West Airlines in the long run. This is the case when the rival and America West Airlines compete between primary and secondary airports.
Conduct parameter of America West's rival in the long run. This is the case when the rival and America West Airlines compete at a primary airport.
  . These two values are large enough to allow he null hypothesis that we have no heteroskedasticity at the 1% level. Therefore, we used 3SLS for our estimation method. We used alternative methods such as iterative 3SLS or 2SLS, each of which is more efficient than 2SLS under heteroskedasticity.
T
As in our first s tional data observations from DB1A, which included the available US domestic flight data for carriers that had 10% market share in duopoly markets. We omitted the data of carriers with less than 10% market share in duopoly markets, or 5% share in triopoly markets or markets served by more carriers. Carriers whose codes are not reported in DB1A (reported as XX) were also omitted, but, for example, a triopoly market with one XX carrier was not regarded as a duopoly market, since the carriers in that market. The flight data are outbound and non-connecting routes from the seven largest US airports and their regions: New York/Newark area, (JFK, LaGuardia, Newark), Washington, DC, area (Ronald Reagan (National), Dulles, Baltimore), Chicago area (O'Hare and Midway), Atlanta/Hartsfield area, Dallas/ Fort Worth area (DFW and Love Field), and Los Angeles.
The cost and input price data are from the Air Carrier Financial Reports, Form 41 Financial Data. Income and population data are from the Regional Accounts Data, Bureau of Economic Analysis. We used the Primary Metropolitan Statistical Area data (PMSA, an urbanized county or set of counties that have strong social and economic links to neighboring communities) for each city.
We used data from 199 city-pairs that are duopoly markets and 166 triopoly markets, which gave us 894 sample observations. The time-series dimension starts in 1996 and ends in the year 2000. We did not extend th tim regarded s or sermit tha the discussion from this "product-dife dimension beyond year 2000, because we would have had to remove the effect of the "9 -11" terrorist attack in 2001. The descriptive statistics used for the analyses of this chapter are shown in Table 3 .
Empirical Results of the Conduct Parameter
Competitions between LCCs and FSAs can be as the competition with differentiated product vices that air carriers offer. However, although we ad t we may need ferentiation" viewpoint, we will focus on the discussions of the price-quantity issues to prevent our discussions from being vague. The detailed estimated results of Equations (11) and (12) are shown in Table 4 in Appendix. Figures 2 and 3 graphically show the dynamic changes in conduct parameters.
Overall, for both the case of Southwest Airlines and that of America West Airlines, in the single-year time span, carriers competed between the Cournot and the competitive level (that is,  distributes between zero an c lly targeted which markets to en d −1). Southwest Airlines' conduct parameter is lower by 14% than those of the incumbent(s), and this means the incumbents reacted very competitively against Southwest Airlines' entry. The in umbents' conduct parameters dropped by 6.3% after Southwest Airlines entered, so it appears that Southwest Airlines also reacted more competitively than did other carriers that had operated before Southwest's entry.
The case of America West Airlines is a little different from that of Southwest Airlines, except for the long-run result. Unlike Southwest Airlines, America West Airlines seems not to have carefu ter: sometimes it entered markets where another LCC had already entered 2 . For example, America West entered the Chicago-Sacramento market in 1999, where Southwest Airlines and United Airlines were already competing.
Since competitions had already started in that market, Southwest Airlines and other incumbents were reacted by implementing tough strategies, even though America West's market share in the beginning was small. The reason for the blue wavy line, which shows the reactions of Southwest and United Airlines, did not drop after America West Airlines entered is that these incumbent carriers including Southwest Airlines had already started competition before America West Airlines entered the market. In the fourth year of America West Airline's operation in this market, when its market share increased, its rivals reacted even more competitively than they had in the former years.
In the case where we cannot identify when LCCs entered (i.e., in the long run), the incumbent(s)' conduct parameter drops by 34% from the pre-entry level, and Southwest's conduct parameter drops by 48.7%. Therefore, in the case of Southwest Airlines, the competition seems to last and become fierce after more than five years have passed. This is also true for the case of America West Airlines.
Our next goal was to determine whether the competitions between LCCs and FSAs are a series of "P = MC" competitions or a Cournot game in terms of statistics. To do this, we tested the hypotheses that the conduct parameters are −1 (the case of "P = MC" competition) and zero (Cournot case), while the parameters of entry-year time fixed effect dummy variables are simultaneously zero for "P = MC" competitions and Cournot cases. Table 5 shows the results of these joint tests of the two hypotheses for Southwest Airlines, and Table 6 shows the results for America West Airlines.
According to Tables 5 and 6 , we can reject the hypothesis that a carrier performs Cournot competitions for the first year and the third year of Southwest Airline's entry and the cases where competitions last for more than five years by carrying out the Wald 2 x test with a degree of freedom equal to two.
tics of continuous variables.

Median
Minimum Maximum he hypot t parameter and the parameters of the entry-year tim effect dummy variable are equal to minus one at t vel for all the other cases of Southwest Airlines. As for r than the first year and the third year of Southwest's Airlines entered the market, then softened competition in the second year, and again adopted a tough strategy in entry, we cannot reject the hypothesis that the conduct the third year. FSAs' strategies were softened after the third year, and the fashion of competition fell between Cournot and "P = MC" competition. Considering the conduct parameters of FSAs, Southwest's fashion of competition fell between Cournot and "P = MC" competition. The data indicate those patterns had wide variation, except for the fourth year of Southwest's entry: in the fourth year of entry, the competition was softer than in the previous years, and Southwest's competition was of the Cournot type rather than the "P = MC" type.
As for the rivals of these two LCCs, Southwest's rivals stayed at an in-between level, but America West's rivals to irlines or four years for America West Airlin y have come from the fact that we have abunda ok a closer strategy to Cournot than to "P = MC" competition.
It appears the average value of America West's conduct parameter is higher than that of Southwest Airlines, but there are no significant differences from a statistical viewpoint 3 . When competitions lasted for more than five years for Southwest A es, it can be firmly stated that the patterns of competition were neither at the Cournot nor the "P = MC" competition level; that is, they were between the two. This result ma nt sample observations for these cases, so the 2 x value asymptotically became stable.
Concluding Remarks ion between Southwest Airlines and its rivals. s
This paper analyzed the dynamic change in the fashions Table 7 . The fashion of dynamic competit Southwest Airline of competition between Southwest Airlines and FSAs, and between America West Airlines and FSAs by using CPM. This method might have been a "dead end" method but for the proposals made by [16] . The methodological contribution of this paper is to re-vitalize CPM and apply Puller's proposals for modeling the simultaneous equation system to deduce the fashions of dynamic competitions between FSAs and LCCs for the first time. The empirical contributions are that we were able to estimate the consistent conduct parameters for the analyses of dynamic competition and found the facts summarized in Tables 7 and 8 .
The implication for the policy of the U.S. airline industry is that the competitions between LCCs and FSAs never reached the equilibrium state where social welfare is maximized (i.e., the "P = MC" level), even after 5 or more years. One possible explanation of this fact is that the market segments of FSAs were partly separated from those of LCCs, and both FSAs and LCCs had market power to increase their price-cost margins.
These situations may have taken place where either FSAs succeeded in differentiating their services against those of LCCs or vise-versa, and eventually the airlines differentiating services gained the power to be able to control their price-cost margins. There may be room for further discussion about whether government sectors have to intervene to remove these market powers or let the industry be "as-is" as long as consumers have several choices of carriers and behave on the basis of their willingness to pay. no other LCCs such as Air Tran and Jet Blue. This will be ssible if we extend the time dimension of the dataset in future analyses. A third possible limitation is that we did not try to determine how the welfare changed over time in accordance with the change in the fashion of competitions, due to the limitation of the length of article. We will analyze these three issues in the future. 
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